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(57)Abstract: 

PURPOSE: To produce the partial-oxidation product of 
methanol from methanol and oxygen by using a fuel-cell 
system. 

CONSTITUTION: A mixture of hydrogen, oxygen and methanol 
is brought into contact with the electrode on both sides of a 
proton conductor to produce the partial-oxidation product of 
methanol by a fuel-cell system. This system differs from the 
conventional fuel-cell system, and a hydrogen donor need not 
be supplied to one side and oxygen, etc., to the other side. 
Consequently, the oxygen, hydrogen, methanol, etc., as the 
raw materials need not be previously separated when the 
partial-oxidation product of methanol is produced. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode A which while was isolated and becomes an electrode room from 
metals and/or these metallic compounds with an ion conductor The electrode B which 
consists of metals which are different from the metal component used for Electrode A in 
the electrode room of another side, and/or these metallic compounds is attached so that an 
ion conductor may be touched, respectively. The manufacture approach of the partial 
oxidation object of the methanol which is made to short-circuit Electrodes A and B with a 
conductor, introduces the mixture of a methanol, oxygen, and water continuously or 
intermittently at both electrodes, and is characterized by making it contact. 
[Claim 2] The method according to claim 1 of making a conductive carbonaceous 
material exist in Electrode A and/or Electrode B. 

[Claim 3] The approach according to claim 1 of being the metal with which the metal 
which constitutes an electrode, and/or the configuration metal of metallic compounds 
were chosen from the 3rd, 4, 5, 6, 7, 8, 9, 10 and 11, and 12 group metals in the periodic 
table. 

[Claim 4] The approach according to claim 2 a conductive carbonaceous material is at 
least one or more sorts chosen from activated carbon, graphite, carbon black, and a 
carbon whisker. 

[Claim 5] The approach according to claim 2 a conductive carbonaceous material is a 
carbonaceous material oxidized beforehand. 

[Claim 6] The approach according to claim 5 oxidation treatment is contacting or leaving 
a carbonaceous material at heating or a room temperature in at least one or more sorts of 
solutions chosen from the permanganate water solution, the nitric-acid water solution, the 
dichromate water solution, and the sulfuric-acid water solution. 

[Claim 7] The approach according to claim 1 of being the electrode with which Electrode 
A consists of iridium and/or an iridium compound, and being the electrode which consists 
of at least one or more sorts as which Electrode B was chosen from the group of a 
rhodium, a rhodium compound, platinum, a platinum compound, palladium, a palladium 
compound, a ruthenium, and a ruthenium compound. 

[Claim 8] The approach according to claim 1 the partial oxidation objects of a methanol 
are formalin, methyl formate, and/or dimethoxymethane. 



[Translation done.] 



Machine Translation of JP06-073583 
Page 2 of 8 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approaches which are 
the partial oxidation objects of the new methanol adapting a fuel cell system, such as 
methyl formate and dimethoxymethane, using two kinds of different electrodes. 
[0002] An acetic acid, formalin, etc. are the intermediate fields of manufacture, and 
methyl formate, dimethoxymethane, etc. which are the partial oxidation object of a 
methanol are the industrial very important matter, respectively. 
[0003] 

[Description of the Prior Art] Conventionally, generally the approach formalin, 
dimethoxymethane (methylal), methyl formate, etc. which are the partial oxidation object 
of a methanol contact a methanol and oxygen to the bottom of catalyst existence, and 
obtain them is learned. Manufacture of formalin uses a methanol as a raw material, makes 
air exist under silver catalyst existence, and, generally is manufactured according to the 
pyrogenetic reaction around 500 degrees C. On the other hand, the methylal attracts 
attention as a manufacture raw material of the formalin containing water low- 
concentration recently. For example, according to JP, 1-287051, A and chemical 
engineering, the 52nd volume, and 411 pages, it is manufacturing from formaldehyde and 
a methanol using a solid acid catalyst. However, in this approach, it is the manufacture 
approach from the indirect methanol which was using formaldehyde as a raw material, 
and did not carry out manufacture from a direct methanol, but went via the above- 
mentioned formalin. 

[0004] Moreover, as the manufacture approach of methyl formate, it is manufacturing 
according to the dehydrogenation of a methanol with the reaction temperature of about 
300 degrees C at JP,57-2702,B, JP,57-26502,B, and JP,54-12315,A, for example, using a 
copper-zinc system as a catalyst. Moreover, in JP,56-16963,A and JP,57-128642,A, 
hydrogen and a carbon monoxide were made to react to the bottom of existence of the 
catalyst of nickel, copper, etc. on elevated-temperature high-pressure conditions, and 
methyl formate has been obtained. 

[0005] however, a reaction condition is an elevated temperature or the manufacture 
approach of these methylals and methyl formate is high pressure again ~ etc. ~ it is 
severe and cannot be said as the manufacture approach in mild conditions. 
[0006] The attempt which takes out power has been made at the same time it 
manufactures various useful compounds on mild conditions in recent years using a fuel 
cell system. For example, about the partial oxidation of the methanol using a fuel cell 
system, it is not known other than what this invention persons carried out by Chemistry 
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Letters;1945-1948 page (1987). This approach is manufacturing dimethoxymethane 
(methylal), methyl formate, etc. which are the partial oxidation object of a methanol, 
when the platinum electrode is used for the anode and the cathode, in addition a methanol 
is introduced into an anode side and it introduces oxygen into a cathode side as a catalyst 
electrode. However, by this approach, it is necessary to supply the matter supplied to an 
oxidizer-ed (methanol) and cathode side at the matter introduced into an anode side 
respectively in distinction from oxidizers, such as oxygen, and it could not make an 
oxidizer and an oxidizer-ed intermingled, but inevitably, in order to react, it had the need 
of separating these beforehand. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention solves the conventional 
troubles, such as complicatedness of a production process, and mass consumption of 
energy, by carrying out without daring separate the methanol and oxygen which are a raw 
material on mild conditions about manufacture of the partial oxidation object of a 
methanol using a fuel cell system. 
[0008] 

[Means for Solving the Problem] this invention persons use one electrode (catalyst 
electrode A) as a metal and/or the metallic compounds of this metal in a fuel cell system, 
as a result of inquiring wholeheartedly that the above-mentioned trouble should be 
solved. By considering as a different metal from the metal which used the electrode 
(catalyst electrode B) of another side for the catalyst electrode A, and/or the metallic 
compounds of this metal It introduced into this system like the conventional fuel cell 
system with the mixed state, without daring separate oxygen and a methanol, and the 
approach of manufacturing the partial oxidation object of a methanol effectively and 
economically was found out. 

[0009] This invention namely, the electrode A which while was isolated and becomes an 
electrode room from metals and/or these metallic compounds with an ion conductor The 
electrode B which consists of metals which are different from the metal component used 
for Electrode A in the electrode room of another side, and/or these metallic compounds is 
attached so that an ion conductor may be touched, respectively. It is the manufacture 
approach of the partial oxidation object of the methanol which is made to short-circuit 
Electrodes A and B with a conductor, introduces the mixture of a methanol, oxygen, and 
water continuously or intermittently at both electrodes, and is characterized by making it 
contact. As for the electrode used by this invention, it is indispensable that the metal kind 
which forms an anode substantially differs from the metal kind which forms a cathode. If 
the same metal kind is used for both electrodes, the yield of the partial oxidation object of 
a methanol falls extremely, and cannot enforce this invention approach substantially. 
[0010] The electrode used in this invention approach is fundamentally prepared with 
metals or these metallic compounds. The metal which constitutes the metals used for an 
electrode or these metallic compounds is a metal of the 3rd group, four groups, five 
groups, six groups, seven groups, eight groups, nine groups, ten groups, 11 groups, and 
12 groups in the periodic table. It is the metal specifically expressed with the symbols of 
element Sc, Y, La, and Ac etc. as 3 group metals. As 4 group metals Symbol of element 
Ti It is the metal expressed with Zr and Hf. As 5 group metals It is the metal expressed 
with the symbols of element V, Nb, and Ta, and is the metal expressed with the symbols 
of element Cr, Mo, and W as 6 group metals. As 7 group metals It is the metal expressed 
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with the symbols of element Mn and Re. As 8 group metals It is the metal expressed with 
the symbols of element Fe, Ru, and Os. As 9 group metals It is the metal expressed with 
the symbols of element Co, Rh, and Ir. As 10 group metals It is the metal expressed with 
the symbols of element nickel, Pd, and Pt, is the metal expressed with the symbols of 
element Cu, Ag, and Au as 11 group metals, and is the metal expressed with the symbols 
of element Zn, Cd, and Hg as 12 group metals. Moreover, when using these metals for an 
electrode as a compound of these metals in this invention approach, using it as the 
halogenide, the nitrate, the sulfate, the oxide, the hydroxide, the phosphate, and/or 
ammonium salt of these metals is recommended. In this invention approach, it is used as 
an electrode which consists of at least one or more sorts of metal components (a metal 
and/or metallic compounds) which are different in Electrodes A and B, respectively. It 
becomes indispensable that the metal component which constitutes Electrode A in this 
invention approach as described above differs from the metal component which 
constitutes Electrode B. 

[0011] The periodic table in this invention approach refers to the periodic table by the 
International Union of Pure and Applied Chemistry inorganic chemistry nomenclature 
(1989). 

[0012] In order to make this invention approach easy to enforce, in case an electrode is 
prepared, mixing a conductive carbonaceous ingredient with a metal component is 
recommended. Furthermore, also making an electrode easy to fabricate using a binder in 
addition to this is recommended. However, in this invention approach, it is not limited 
only to these methods of preparation. 

[0013] Although it will not interfere at all if the carbonaceous material added in case an 
electrode is prepared is a carbonaceous material which has electrical conductivity 
fundamentally, graphite, activated carbon, carbon black, a carbon whisker, etc. are 
mentioned as a carbonaceous material which is easy to come to hand. Moreover, before 
these carbonaceous materials are mixed with a metal, oxidation treatment is performed 
beforehand and it further becomes easy to enforce this invention approach by things. 
[0014] Oxidation treatment of a carbonaceous material can be earned out by various 
approaches, such as heat- treatment which uses the usual oxygen content gas, and reagent 
oxidation treatment using an oxidizing quality reagent. For example, as reagent oxidation 
treatment, nitric-acid water heat- treatment, permanganic acid water- solution processing, 
dichromic acid water- solution processing, hydrogen -peroxide- solution processing, etc. 
are mentioned. However, this invention approach is not limited only to these processings. 
[0015] Moreover, although it is possible to use various things as a binder used in case an 
electrode is fabricated in this invention approach, it is desirable to carry out hot pressing 
using Teflon-resin powder from the ease of fabricating. Of course, this invention 
approach is not limited only to these ingredients and approaches. 
[0016] The solid electrolyte known as an ion conductor used by this invention approach 
as proton conductors, such as proton acid, such as a phosphoric acid, a sulfuric acid, a 
hydrochloric acid, and a nitric acid, a heteropolyacid, H-montmorillonite, and a 
phosphoric-acid zirconium, the perovskite mold solid solution which used SrCe03 as the 
parent can be used. Moreover, a fluorine-containing giant molecule like perfluorocarbon 
is used as the base, and what introduced one or more sorts of cation exchange radicals, 
such as a sulfonic group or a carboxylic-acid radical, into this, for example, Nafion, 
(trademark of Du Pont) can be used. Liquids, such as a phosphoric acid, can be used for 
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it, being able to infiltrate silica wool, or can also be used by the filter or film of ionic 
permeability, being able to insert. 

[0017] It is not necessary to refine especially the methanol used in this invention 
approach, and it does not interfere using the thing of general reagent purity, and even if it 
is mixture with the organic substance other than a methanol (saturated hydrocarbon etc.), 
it does not interfere. Furthermore, although these methanol content raw materials, water, 
and the mixture of oxygen are introduced into both electrode rooms and carried out in 
this invention approach, even if it introduces a methanol and water in the state of a liquid 
in this case, even if it introduces by the gaseous state, it does not interfere again. In case it 
introduces in the state of a liquid, you may dilute and introduce with the solvent to a 
methanol and/or water etc. Furthermore, in introducing these mixture by the gaseous 
state, even if it introduces as mixture of inert gas, such as nitrogen, helium, and an argon, 
it does not interfere. 

[0018] Although reaction temperature will usually be performed in -20 to 200 degrees C 
if this invention approach is followed, it is more desirable to carry out at 0 to 100 degrees 
C. Since energy, such as cooling, is needed with the fall of a reaction rate if it carries out 
at low temperature too much, and energy, such as heating, is needed with decline in 
selectivity if it carries out at an elevated temperature too much, it is not efficient. 
Moreover, although a reaction will generally be performed by ordinary pressure if this 
invention approach is followed, it is also possible to carry out under pressurization or 
reduced pressure if needed. Separation purification of the partial oxidation object of 
methanols, such as methyl formate and dimethoxymethane, which is a resultant can 
usually be carried out from reaction generation liquid or gas by approaches, such as 
distillation, distillation after condensation, distillation after vapor liquid separation, and 
an extract, and it can obtain the specified substance. 

[0019] The conceptual diagram of the fuel cell mold reactor used in order to enforce this 
invention approach is shown in drawing 1 . The electrode rooms 1 and 2 which have 
Electrodes A and B are separated with the ion conductor 3, and these two electrodes have 
short-circuited them with lead wire 4. Although an electrode has the shape of porosity or 
a sheet preferably, it is not necessarily restricted to this. It is also possible to apply an 
electrical potential difference between two electrodes depending on the need. Moreover, 
it is also possible to take out the electrical energy equivalent to the free energy of a 
reaction from the system of reaction as power if needed. 
[0020] 

[Example] Hereafter, this invention approach is further explained to a detail based on an 
example. However, these and this invention approach is not restricted by only the 
example. 

[0021] After dipping the oxidation-treatment graphite powder of the preparation (a) 
graphite of example 1 electrode in 8-N nitric-acid water solution and carrying out heating 
ebullition of this for 2 hours, pure water washed enough, this was dried and it was used 
for electrode preparation. 

(b) After mixing well 20mg of each metal powder and 5mg of Teflon powder hung up 
over graphite 50mg in which the electrode carried out preparation oxidation-by-nitric- 
acid processing, and Table 1, what was made into the shape of a circular sheet with a 
diameter of 21mm by hot pressing was used as an electrode, respectively. 
[0022] 
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[Table 1] 

Addition metal powder A catalyst electrode 

Iridium An electrode I rhodium Electrode II platinum 

Electrode III ruthenium Electrode IV palladium Electrode V 

[0023] What included the phosphate water solution in example 2 disk-like silica wool 
(the thickness of 1.0mm, diameter of 21mm) 85% was used as the ion conductor film, 
this isolated two electrode rooms, and the electrode (electrode I) prepared from iridium 
and graphite in one electrode room (electrode room 1) was attached so that the ion 
conductor film might be touched. Similarly, the electrode (electrode II) prepared from a 
rhodium and graphite was attached in another electrode room (electrode room 2). After 
connecting Electrodes I and II with lead wire, reaction temperature was made into 80 
degrees C, and the mixed gas of a methanol (8.3 capacity %), oxygen (40.8 capacity %), 
and a steam (50.9 capacity %) was introduced into each electrode room by part for 
34.6ml/of the rates of flow. Consequently, 7.0mA of currents occurred during the 
reaction, and methyl formate and dimethoxymethane generated the rate for a part for 

I. 05micro mol/, and 0.07micro mol/, respectively. Other products were carbon dioxides 
and the selectivity of the partial oxidation object of a methanol was 55%. 

[0024] The partial oxidation reaction of a methanol was performed on the same 
conditions as an example 2 except [ all ] having replaced with Electrode III, Electrode IV, 
and Electrode V the electrode attached in the example 3 - 5 electrode room 2, 
respectively. The generating current value at that time and the total selectivity of a partial 
oxidation object (methyl formate and dimethoxymethane) were hung up over Table 2. 
[0025] 
[Table 2] 

An electrode generating current (mA) Partial 

oxidation object selectivity (%) The electrode III 

II. 49 28.2 Electrode IV 8.28 46.8 Electrode V 8.34 29.0 

[0026] The partial oxidation reaction was 

performed on the same conditions as an example 2 except [ all ] having used the electrode 
by the side of an example 6 - 8 electrode room 1 as Electrode III, and having replaced the 
electrode by the side of the electrode room 2 with Electrode II and Electrodes IV and V, 
respectively. As shown in Table 3, generation of the partial oxidation object of a 
methanol was accepted by the result with generating of a current in the combination of 
each electrode. 

[0027] 
[Table 3] 

Electrode room 2 Generating current (mA) 

Partial oxidation object selectivity (%) 



Electrode II [0028] 2.36 13.8 Electrode IV 1.56 44.3 Electrode V 29.5 10.4 It reacted on 
the same conditions as an example 2 except [ all ] having used Electrode I for the 
electrode of the electrode room of example of comparison 1 both sides. As a result, it did 
not pass over the current for 0.1mA to have occurred, most generation of the partial 
oxidation object of a methanol was not checked, but the selectivity of a partial oxidation 
object was 0%. 

[0029] It reacted on the same conditions as an example 2 except [ all ] having used 
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Electrode III for the electrode of the electrode room of example of comparison 2 both 
sides. The result generated only 0.2mA of currents, the partial oxidation object of a 
methanol was hardly generated, but selectivity was also 0%. 
[0030] 

[Effect of the Invention] The following effectiveness will be acquired if this invention is 
followed. 

(1) On very mild conditions, the partial oxidation object of a methanol can be 
manufactured with sufficient selectivity. 

(2) It faces carrying out a reaction and can take out out of the system of reaction if needed 
by making a part for energy change of a reaction into electrical energy (power), and it is 
possible to use power as a by-product, and the partial oxidation object of a methanol can 
be manufactured very economically. 

(3) A reaction can be carried out as mixture, without separating a methanol, oxygen, and 
water beforehand, and the partial oxidation object of a methanol can be manufactured 
simple also from a process-viewpoint. It becomes the manufacture approach of the partial 
oxidation object of a methanol with many advantages of **. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 11 Reactor conceptual diagram 
[Description of Notations] 

1 Electrode Room 

2 Electrode Room 

3 Ion Conductor 

4 Lead Wire 

5 Electrode A 

6 Electrode B 



[Translation done.] 



